The oil-paper transformer is widely used as the common insulating device in the electrical industry. The transformer with the reserved primary coil and the secondary coils was filled with the transformer oil by the vacuum pouring process. Its insulating property was tested by the partial discharging (PD) system and the testing results are analyzed in detail. The experiment data reveals that the insulating properties of transformer at different positions are diverse due to the specific oil-paper structure. Obviously, the outer part of the transformer shows a much higher insulating property than its inner part. This confirms the residual air or defects are mostly concentrated in the inner part and air in the outer part is easier to be degassed by a viable vacuum pouring technology.
Introduction
Power transformer insulation is one of the most important pieces of equipment in electrical systems, which is critical and expensive in the field of transmission and distribution of electric energy [1, 2] . It has the insulation systems made in cellulose paper and mineral oil [3] , which are used in the electric power transformer mainly to transfer heat [4] .
Characteristically, the insulating oil used in electric transformers consists of complex blends of more than 3000 hydrocarbons and they are essentially highly branched aliphatics, naphthenic or paraffinic crudes. With the long term suffering to the electrical, mechanical, thermal and environment time variable stresses, the paper and oil decomposition takes place and generates gases that dissolve in the oil and decrease its dielectric strength [5] . Thus, the air effect as the most dangerous factor causes failures of power transformers during which a violent release of water vapor from cellulose insulation takes place after exceeding a critical temperature and a critical moisture content [6] . Nowadays, many transformers are located in populated areas and shopping centers, and these changes in its physio-chemical characteristics make it unfit for insulating purpose in an electric transformer [7, 8, 9] , which may continually cause not only catastrophic damage to various equipments but interruption of electricity supply. Therefore, the evaluation of the insulating property for the power transformer is quite essential which has attracted great attentions in recent years.
Partial discharge (PD), if occurring in oil-immersed power transformer, is considered to damage insulators, and the PD measurement is conducted for an actual transformer in the long-duration AC withstand voltage test [10, 11] . Typically, a transformer incorporates coils of conducting wire wrapped around a core and covered with a paper-based insulator [12] . Due to this specific structure, the residual air and the generated air inside the insulation are always difficult to be degassed which will strongly affect its insulating property and rapidly decrease its life-time. Herein, a power transformer was obtained by a vacuum pouring process with insulating paper immersed transformer oil. It reserved a primary coil and three secondary coils of conducting wire that wrapped around a core and covered with a paper based insulator. The primary coil and secondary coils of the transformer insulation which is the decisive factor to its continued operation [13] , were respectively introduced to the PD measurement as the testing electrodes in order to evaluate the insulating properties and the distribution of the air defects inside the transformer. The testing data was analyzed and the insulating properties of transformer at different positions are compared. Furthermore, the distribution law of the air defects inside the transformer insulation diverse is deeply discussed according to the testing results.
Experiments Preparation of the oil-paper transformer insulation
As shown in Fig.1 , the tested transformer insulation was obtained by a vacuum pouring technology with the insulating papers immersed insulating oil. The coils of conducting wire that wrapped around a core were reserved and covered with a paper based insulator. Among these coils, the primary coil is cling to the core and the secondary coils containing three coils are orderly distributed in different paper layers which here are named as the secondary-1st coil, the secondary-2nd coil and the secondary-3rd coil, respectively.
Fig.1 Structure Diagram of the tested transformer insulation
The pouring process of the transformer insulation is displayed in Fig.2 : The assembled transformer was firstly degassed in the vacuum chamer and the inside pressure was controlled at about 500 Pa. Then turn on the switch and insulating oil was pouring into the transformer. With the stable vacuum pressure, the transformer oil can partly soak into the spaces between the adjacent insulating papers.
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Fig .2 The vacuum pouring process of the transformer insulation filled with insulating oil
Partial discharging process of the transformer insulation
In order to test the insulating properties and analysis the distribution of the air defects inside the transformer, the reserved coils were introduced into the testing system as the two voltage electrodes. The testing voltage was increased gradually and the initial discharging voltage was recorded when the partial discharging occurs during the resting process. Generally speaking, the testing results are seriously influenced by the adopted testing method. Therefore, the combination of impulse current and oscilloscope is introduced into the testing system for the PD analysis of the transformer insulation.
Results and discussion

Analysis of PD testing for the transformer
The PD testing result of the transformer insulation is exhibited by Fig.3 which the initial discharging can be obviously found when the loaded AC voltage is increased to 3.1 KV. As shown in Fig.3 (a) and (b) , the discharge capacity of the transformer is about 12 mV and it discharges frequently. It indicates the initial discharging of the transformer insulation is only 3.1 KV and lots of air bubbles are formed inside the insulation. In other words, the transformer oil was soak into the insulation partly and the inside air did not be exhausted. 
Insulating analysis of PD testing results between the primary coil and the secondary-1st coil
The insulating property of the spaces between the primary coil and its secondary-1st coil was tested. As seen in Fig.4 (a) and (b) , the insulation discharged slightly when the AC voltage increased to 3.6 KV with a discharging capacity of 15 mV. Moreover, some discharging waveforms
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are asymmetric with lots of discharging glitches but some are presented as the typical symmetric damped oscillation wave. As the loaded voltage is continuously increased to 4.2 KV, the partial discharging phenomenon of the transformer can be observed distinctly. Fig.4 The PD results of the spaces between the primary coil and the secondary-1st coil with the AC voltage at 3.6 KV
Insulating analysis of PD testing results between the secondary-1st coil and the secondary-2nd coil
The PD results of the spaces between the transformer's secondary-1st coil and its secondary-2nd coil is displayed in Fig.5 by the relevant coils are introduced into the testing system. During the PD testing process, few partial discharging phenomenon are observed which are aggravated as the loaded voltage is raised up to 4.9 KV. As presented in Fig.5 , the transformer discharges strongly with a large discharging capacity of 50 mV. Compared with the PD testing results exhibited in Fig.4 , the insulating property of the spaces between the sencondary-1st coil and the secondary-2 nd coil is much better as the initial discharging voltage is increased from 3.6 KV to 4.9 KV. It may be inferred that the transformer oil can be easier soaked into the outer spaces than inner spaces of the oil-paper structure.
Insulating analysis of PD testing results between the secondary-2nd coil and the secondary-3rd coil Fig.6 shows the PD results of the spaces between the transformer's secondary-2nd coil and its secondary-3rd coil when the loaded voltage is increased to 5.5KV. Distinctly, its initial discharging voltage is much higher compared with those presented in Fig. 4 and Fig.5 . In this Fig.5 The PD results of the spaces between the secondary-1st coil and the secondary-2nd coil with
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the AC voltage at 4.9 KV Fig.6 The PD results of the spaces between the secondary-2nd coil and the secondary-3rd coil with the AC voltage at 5.5 KV occasion, the transformer discharges frequently but with lower discharging capacity. During the testing process, the symmetric damped oscillation wave is difficult to be captured and most discharging waves are emerged with lots of low discharging glitches. This result reconfirms that the soaking process of the transformer oil is much easier into the outer spaces than inner spaces of the oil-paper structure which is according with the above analysis.
According to the above analysis, the PD results of the transformer's different positions are summarized in table.1 which can clearly expressing the diverse insulating distribution of its insulating property. Due to the residual air inside the transformer, it discharged when the loaded AC voltage is only raised up to 3.1 KV which the primary coil and the secondary-3rd coil are introduced into the PD testing system. Furthermore, the initial discharging voltages of the transformer's different positions are rapidly increased when the transformer is tested outward gradually. This can be induced by the residual air which means that there are more air remained in the inner part than the outer part. It can strongly manifest that the outer part of the transformer shows a better insulating property compared with the inner part. In other words, it reveals distinctly that the transformer oil is much easier to be soaked into the outer part than the inner part of the oil-paper insulating transformer. 
Conclusions
The insulating property is the most important target for the evaluation of the transformer insulation. Due to the specific structure of the oil-immersed-paper transformer, the insulating properties are diverse to its different positions. According to the PD results, the outer part of the
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transformer shows a much higher insulating property than its inner part which means that the air defects are mostly distributed in the inner part and air in the outer part is easier to be degassed with the stable vacuum pouring process. This study is essential to the further research for the transformer insulation and it can provide effective experimental foundation for the insulating device.
